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Abstract
Understanding dietary patterns of women who exceed gestational weight gain (GWG) recommendations is crucial to promote 
healthier pregnancies. This study assessed nutrient intake, diet quality and GWG of participants in the Pregnancy, Exercise, and 
Nutrition (PEN) feasibility study who met or exceeded weight gain recommendations during pregnancy. The ASA24-2011, a web-
based tool, was used to collect dietary intake data and dietary quality was assessed with the Healthy Eating Index (HEI)-2010 and 
the Diet Quality Index-Pregnancy (DQI-P). Fifty-three percent of PEN participants exceeded the 2009 IOM GWG 
recommendations; no significant associations were found between reported dietary quality and gestational weight gain. 
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1. Background
Helping mothers achieve a healthy weight gain during pregnancy has increasing importance for healthcare 
providers as new parallels are drawn between maternal weight gain and maternal and infant outcomes1.
Recommendations for weight gain during pregnancy based on prepregnancy Body Mass Index (BMI) were released 
by the Institute of Medicine (IOM) in 20092. These guidelines advise that for women entering pregnancy at a 
“normal” weight, gaining about 11.4-15.9 kg (25-35 pounds) during pregnancy is beneficial for both the mother and 
the fetus while gaining too much weight (over 18.2 kg or 40 pounds) is associated with complications. Maternal 
risks include gestational diabetes, hypertension, caesarean section, and post-partum weight retention3-5. Fetal risks 
include macrosomia, higher body fat percentage at birth, preterm delivery, and impaired glucose tolerance6-10; these 
outcomes can increase the infant’s risk of future obesity and its comorbid conditions11-13.
Excessive maternal weight gain during pregnancy is multifactorial. Diets high in fat and low in fiber are 
proposed to be the root of the problem14. However, the effects of a lipogenic diet may be confounded by a lack of 
physical activity, resulting in high energy intake and low energy expenditure15. According to the Developmental 
Origins of Health and Disease hypothesis, chronic disease risk as an adult may be related to the intrauterine 
environment16, 17. Further, this hypothesis proposes that the critical window of time to alter adverse fetal 
environments may occur within the first 28 weeks of pregnancy17. This theory has spurred several studies exploring 
maternal diet and fetal outcomes. One such primate study suggests that maternal diets high in saturated fat may be 
especially detrimental to the developing fetus with subsequent, dyslipidemia and fatty liver in infant shortly after 
birth18. These severe findings are rare in human infants. 
The Pregnancy, Exercise, and Nutrition (PEN) feasibility study was designed to explore the association 
between diet and physical activity during pregnancy and maternal and fetal health outcomes. In addition to weight 
gain measures, the PEN study used the Automated, Self-Administered 24-hour Recall system (ASA24-2011), a 
validated, automated diet recall method19, 20. Further, ASA24-2011 dietary intake data were used to calculate two 
diet quality scores, namely the Healthy Eating Index 2010 (HEI-2010) and the Diet Quality Index for Pregnancy 
(DQI-P), which summarize a participant’s intake of key dietary components and compliance with dietary 
recommendations.
The HEI-2010 is a 12-point dietary scoring system that assesses adherence to the 2010 Dietary Guidelines 
for Americans, as shown in Table 121. HEI-2010 uses a density approach to set dietary standards, meaning that 
dietary intake is assessed per 1,000 calories or as a percentage of total calories21. Use of the HEI has been validated 
in non-pregnant females, with higher HEI scores showing a positive correlation with dietary variety and higher 
plasma concentrations of carotenoids and vitamin C22. Use of the HEI to assess dietary quality is appropriate for 
pregnant and lactating females21. Several studies have demonstrated that higher diet quality throughout pregnancy, 
as measured by HEI, is associated with better maternal and fetal outcomes23-26.
Nomenclature 
AI Adequate Intake
ASA24-2011 Automated Self-Administered 24-Hour Recall
BMI Body Mass Index
CDC Center for Disease Control and Prevention
DQI-P Diet Quality Index-Pregnancy
GWG Gestational Weight Gain
HEI-2010 Healthy Eating Index
IOM Institute of Medicine
OHSU Oregon Health & Science University
PEN Pregnancy, Exercise, and Nutrition Feasibility Study
RDA Recommended Dietary Allowance
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Table 1. Components of the 2010 Healthy Eating Index (HEI)21
HEI-2010 Component Max Score
Standard for
Maximum Score
Standard for
Minimum Score
Total Fruit 5 FXSHTXLYNFDO No fruit
Whole Fruit 5 FXSHTXLYNFDO No whole fruit
Total Vegetables 5 FXSHTXLYNFDO No vegetables
Greens and Beans 5 cup equiv./1,000 kcal No dark-green vegetables, beans, or peas
Whole Grains 10 R]HTXLYNFDO No whole grains
Dairy 10 FXSHTXLYNFDO No dairy
Total Protein Foods 5 R]HTXLYNFDO No protein foods
Seafood & Plant Proteins 5 R]HTXLYNFDO No seafood or plant proteins
Fatty Acids* 10 38)$V08)$V6)$ 38)$V08)$66)$
Refined Grains 10  oz. equiv./1,000 kcal R]HTXLYNFDO
Sodium 10 J kcal  g equiv./1,000 kcal
Empty Calories 20 <19% of energy >50% energy
*PUFAs = Polyunsaturated Fatty Acids, MUFAs = Monounsaturated Fatty Acids, SFA = Saturated Fatty Acids
The DQI-P assesses diet quality, focusing on key nutrients during pregnancy (Table 2). The DQI-P was 
developed to evaluate adherence to the U.S. dietary recommendations for pregnancy27. Originally, the index was 
used to evaluate variation in diet quality by socio-demographic factors of pregnant women in North Carolina27. The 
DQI-P has also been used to evaluate nutrient and food group differences during pregnancy by race and determine 
the micronutrient status of low-income women28, 29.
Table 2. Dietary Components of the Dietary Quality Index for Pregnancy (DQI-P)27
Component Definition of Score
6-11 servings of grains % recommended servings1
3-5 servings of vegetables % recommended servings1
2-4 servings of fruits % recommended servings1
Total fat  30% energy intake2
Folate intake % RDA1
Iron intake % RDA1
Calcium intake % AI for age1
Meal pattern Goal of 3 meals/2 snacks3
1Used as a continuous percentage (0%-100%) corresponding to a continuous DQI-P score of 0-10 points
2Scoring based on categories:  SRLQWV! SRLQWV! SRLQWV! SRLQWV
3Scoring based on categories: 5 eating occasions= 10 points; 4 eating occasions= 8 points; 3 eating occasions = 
6 points; 2 eating occasions= 4 points; 1 eating occasion=2 point
The aim of the current study was to evaluate gestational weight gain (GWG) and assess differences in diet 
quality by GWG using data collected from participants in the PEN study.  In addition to using novel, automated 
methods of collecting dietary intake, to our knowledge this is the first study to evaluate the association between 
DQI-P or HEI-2010 scores and GWG.
2. Methods
2.1. Study Population
Thirty healthy employees or spouses of employees at Oregon Health & Science University (OHSU) were 
recruited during their first trimester of pregnancy to participate in the Pregnancy, Exercise and Nutrition (PEN)
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study. PEN was a randomized, controlled feasibility study of a team-based, peer-led, pregnancy-specific curriculum 
encouraging healthy eating and physical activity during pregnancy. The present study is a secondary analysis of data 
collected from PEN participants and is focused on analyzing dietary differences between women meeting or 
exceeding gestational weight gain recommendations. Inclusion criteria included being an OHSU employee or 
spouse, having a healthy and uncomplicated single gestation pregnancy and being between 5 and 12 weeks of 
gestation at the time of enrollment. Exclusion criteria included having type 1 or type 2 diabetes or a fasting blood 
glucose concentration >100 mg/dL at entry, known cardiovascular or obstructive lung disease, musculoskeletal 
problems that would limit physical activity, hypertension, use of anti-hypertensive medications, or tobacco, alcohol 
or other drug use during pregnancy. 
Each participant was assessed in the first trimester (prior to 13 weeks gestation), second trimester (~22 weeks of 
gestation), and third trimester (~32 weeks of gestation). This study was approved by OHSU’s Institutional Review 
Board and all participants provided informed consent.
Study Population
2.1.1. Gestational and Infant Weight Gain
Total gestational weight gain, percent of recommended weight gain based on prepregnancy BMI, and infant 
birth weight percentile based on gestational age at birth were calculated. Total gestational weight gain was defined 
as the difference between the last recorded weight before delivery (per medical record review (n=22), health 
provider report (n=3), or self-report (n=3) and self-reported prepregnancy weight. Total weight gain was indexed to 
week of gestation at delivery using the IOM recommended weight gain ranges assigned to each week of 
pregnancy30. Percent recommended weight gain was calculated as the percent of the upper value of the 
recommended weight gain range. 
Infant birth weights were indexed to gestational age and are shown as percentiles derived from the 2013 
Fenton growth charts31.
2.1.2. Dietary Intake: ASA24-2011
2.1.3. The ASA24-2011 was used to estimate maternal dietary intake. Participants reported all food and beverage 
consumption for the previous day (from midnight to midnight) and used images to help estimate and report portion 
sizes. The ASA24-2011 was administered 2-5 days after each trimester visit and used the USDA’s Food and Nutrient 
Database for Dietary Studies (Version 4.1) to derive dietary intake data and Healthy Eating Index (HEI) and Diet 
Quality Index for Pregnancy (DQI-P) diet quality scores.
ASA24-2011 output data were used to calculate HEI-2010 scores using SAS 9.3 (Statistical Analysis 
Institute, Cary, NC). HEI-2010 scores were calculated for each participant and scores were averaged to generate
mean HEI scores by trimester.  An HEI-2010 score >80 was considered “good”, scores of 51-80 indicated a diet that 
“needs improvement”, and HEI-2010 scores <51 were considered “poor” 32. ASA24-2011 output data were also 
used to calculate DQI-P scores. One component of the DQI-P scoring is a meal pattern of three meals and two 
snacks per day. For the current study, we determined number of “eating occasions” within each 24 hour reporting 
period with a goal of five eating occasions per day. This reclassification was used to acknowledge that many women 
reported consumption of frequent, smaller volume “snacks” throughout the day instead of fewer larger-volume 
“meals” especially during the first trimester.
3. Statistical Analysis
Participants (n=28) were divided into groups according to whether they met or exceeded the 2009 IOM 
gestational weight gain recommendations. Mean (+/- SD) nutrient and food group intake values were calculated for 
each group. HEI and DQI-P score data were normally distributed and t-tests were used to compare mean values
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between groups at the first, second, and third trimesters and within groups to determine change over time. P-values 
less than 0.05 were considered significant. 
Chi-square tests and Fisher’s Exact tests were used to determine significant differences in counts of 
categorical data between groups when comparing the number of women within and above the weight gain 
recommendations.
4. Results
Thirty women enrolled in the study. Two participants withdrew from the study and one participant had a 
reported energy intake <400 calories and was excluded from the dietary analyses, only. The average (± SD) age at 
enrollment was 32.9 ± 2.9 years with a range of 27-37 years. Sixteen (89%) of participants were white; 18 (64%) 
were nulliparous, 8 (29%) were primiparous and 2 (7%) were multiparous. Sixteen (57%) of participants had a 
normal prepregnancy BMI and 12 (43%) were categorized as overweight or obese. All participants reported some 
college education, 17 (61%) had obtained a graduate degree, 23 (82%) were employed full-time and 22 (78%) 
reported an annual household income of greater than $75,000. 
4.1. Maternal and Infant Characteristics 
The average (± SD) week of gestation at delivery was 39.6 ± 2.1 weeks with a range of 33-42 weeks; 26 
(93%) of participants delivered at term (at least 37 weeks).  Average (± SD) total gestational weight gain was 16.1 ±
5.3 kg (35.4 ± 11.7 lb) with a range of 2.8-25.9 kg (6.2-57.0 lb; data not shown). Figure 1 shows maternal weight 
gain indexed to the percent of IOM weight gain recommendations based on prepregnancy BMI; 16 women exceeded 
the gestational weight gain recommendations and 12 women gained weight within or below the recommendations.
Table 3 displays maternal and infant characteristics at delivery for women who were within/below or who 
exceeded the 2009 IOM gestational weight gain recommendations. Between these groups, there were significant 
differences in self-reported prepregnancy weight, prepregnancy BMI, last weight before delivery, and maternal 
weight gain. Among women who were overweight or obese before becoming pregnant, 11 participants exceeded the 
weight gain recommendations compared to 5 participants in the normal weight prepregnancy BMI category. No 
significant differences were observed for infant birth weight, number of large for gestational age infants, or number 
of small for gestational age infants between groups meeting or exceeding gestational weight gain recommendations. 
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Figure 1. Maternal Weight Gain Indexed to Percent of IOM Recommendation Based on Prepregnancy Body Mass Index. Dashed line indicates 
the recommended weight gain based on the upper value of the IOM gestational weight gain recommendation range.
4.2. Diet Quality Outcomes
Figure 2 shows the comparison of intake of macro- and micronutrients in percentage of the Recommended 
Dietary Allowance (RDA) between participants with gestational weight gain within/below or exceeding the 
recommendations at trimester 1. While there were no significant differences in macro- and micronutrient intake 
between participants with gestational weight gain within/below or exceeding recommendations, iron and folic acid 
intake from diet alone (excluding supplements) was considerably below the RDA for all participants.  In addition, 
mean carbohydrate intake was above the RDA for both groups.
At trimesters 1, 2, and 3, mean (±SD) HEI-2010 scores for participants gaining weight within/below the 
recommendation were 58.2 ± 15.1, 64.9 ± 12.3 and 63.1 ±13.2, respectively, and there was no statistically 
significant within-group difference between time points.  Mean (±SD) HEI-2010 scores for participants exceeding 
the gestational weight gain recommendations at first, second, and third trimesters were 64.9 ± 12.7, 63.0 ± 13.5 and 
63.5 ± 13.8, respectively, and no significant within-group difference was observed between time points. No 
differences in HEI scores were observed between women within/below or exceeding the gestational weight gain 
recommendations at any time point.
At trimester 1, 2 and 3, mean (±SD) DQI-P scores for participants gaining weight within/below the 
recommendation were 57.5 ± 9.2, 55.1 ± 11.2, and 56.1 ± 8.7, respectively, and there was no statistically significant 
within-group difference between time points. Mean DQI-P scores for participants exceeding the gestational weight 
gain recommendations at first, second, and third trimesters were 51.4 ± 7.9, 60.5 ± 8.2, and 55.2 ± 9.3, respectively,
and no significant within-group difference was observed between time points. No differences in DQI-P scores were 
observed between women within/below or exceeding the gestational weight gain recommendations at any time 
point.
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             Table 3. Maternal and Infant Characteristics
Mean ± SD (Range) or Frequency (%)
*Significantly different than participants within/below the weight gain guidelines
**Large for gestational age defined as >90th %ile on 2013 Fenton growth chart 
†Small for gestational age defined as <10th %ile on 2013 Fenton growth chart
4.3. Participant Impression of Dietary Intake Assessment: ASA24-2011
Participants rated ease of navigation of the ASA24-2011 website on a scale of 0-100 (zero being very easy 
to navigate and 100 being very difficult to navigate) with an average (± SD) response of 49 ± 24. When asked how 
well the ASA24-2011 captured their usual intake on a scale of 0-100 (zero being very well and 100 being not well at 
all) the average (± SD) response was 37 ± 25.
Weight Gain
Within/Below 
Guidelines 
(n=12)
Weight Gain 
Exceeding 
Guidelines
(n=16)
Total
(n=28)
Week of gestation (GA) at delivery 38.8 ± 2.2(33-41)
39.7 ± 2.0
(35-45)
39.6 ± 2.1
(33-42)
Self-reported prepregnancy weight (kg) 61.2 ± 5.8(50.9-70.5)
72.2 ± 13.2*
(45.5-97.3)
67.5 ± 11.9
(45.5-97.3)
Prepregnancy BMI (kg/m2) 22.7 ± 1.8(18.9-25.1)
26.6 ± 3.8*
(20.9-35.1)
24.9 ± 3.6
(18.9-35.1)
Latest pre-delivery weight (kg) 72.9 ± 6.6(59.6-85.2)
91.6 ± 13.2*
(67.1-113.4)
83.6 ± 14.3
(59.6-113.4)
Maternal weight gain
(% recommendation indexed to GA at delivery)
76 ± 21
(8-97)
159 ± 40*
(105-252)
123 ± 53
(26-252)
Number exceeding weight gain recommendations indexed 
to GA at delivery 0 (0%) 16 (100%) 16 (57%)
Number gaining weight below the recommendations 
indexed to GA at delivery 4 (33%) 0 (0%) 4 (14%)
Infant birth weight indexed to GA at delivery (%ile) 55.6 ± 32.4(8-97)
54.8 ± 28.6
(1-99)
55.1 ± 29.7
(1-99)
Number of large-for-gestational age infants** 3 (25%) 1 (6%) 4 (14%)
Number of small-for-gestational age infants † 1 (8%) 1 (6%) 2 (7%)
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Figure 2. Mean Percentage of the Recommended Dietary Allowance Assessed During the First Trimester of Pregnancy
Carb = Carbohydrate; *Adequate Intake; Error bars represent standard deviation from the mean.  No significant differences between groups were 
observed
5. Discussion
Fifty-three percent of participants in this study exceeded the recommendations for gestational weight gain, 
compared to 70% of women in the US who exceed gestational weight gain recommendations33. Women who 
exceeded weight gain recommendations had a significantly higher prepregnancy BMI than women who gained 
weight within/below the guidelines, consistent with findings from the CDC’s 2002-2003 Pregnancy Risk 
Assessment Monitoring System (PRAMS) 2. No significant associations were found between diet quality scores and 
gestational weight gain. Overall, this study demonstrated that the majority of women gained excess weight during 
pregnancy and room for dietary improvement exists even among this sample of healthy, well-educated pregnant 
women with relatively high socioeconomic status.
5.1. Diet Quality Indices: HEI and DQI-P
Diet quality during pregnancy was assessed using two dietary quality indices, HEI and DQI-P; both 
measures were calculated directly from the ASA24-2011 dietary intake data.  No significant differences in diet 
quality were found between those who exceeded or who were within/below GWG recommendations. This finding is 
likely due to the small sample size and to the overall healthy profile of this sample of pregnant women.
The HEI is a useful tool for evaluating diet quality compared to the current Dietary Guidelines for 
Americans. A major strength of the HEI is allowing researchers to assess the impact of total diet on health 
outcomes, including unknown synergistic interactions between foods, rather than focusing on a specific food item or 
biochemical marker. While the HEI alone cannot capture all the components associated with a healthy diet during 
pregnancy, a higher HEI score reflects a diet rich in fruits, vegetables, and whole grains, and low in added sugars, 
refined grains, and saturated fats.  However, HEI assesses dietary quality using a density-based approach, raising the 
possibility that pregnant women with high HEI scores are consuming nutrient-rich but calorically inadequate diets.
Additionally, HEI score does not take into account vitamin and mineral supplement intake. A recent study 
evaluating the association of HEI-2005 scores with GWG in 490 pregnant women found no significant association 
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between HEI-2005 and GWG 34.  To the best of our knowledge, this is the first study to evaluate the association 
between HEI-2010 scores (which reflect the 2010 Dietary Guidelines for Americans) and GWG.
As a tool developed by independent researchers (and not the USDA), the Diet Quality Index for Pregnancy 
(DQI-P) has not been extensively used in research. Previous studies have shown that the DQI-P may be a useful tool 
for determining diet quality patterns in a high-risk population. Laraia et al. investigated the relationship between 
prepregnancy obesity status and diet quality using the DQI-P among 2,394 women enrolled in the Pregnancy, 
Infection and Nutrition study. Dietary information was obtained by self-report at 26-28 weeks of gestation using a 
modified Block food-frequency questionnaire. The average DQI-P score for this population was 55 ± 11.6 points 
and pregravid obesity was associated with 76% higher odds of falling into the lowest diet quality score tertile (OR: 
1.76; 95% CI: 1.24-2) 35. In an earlier analysis of the PIN study, Bodnar and Siega-Riz reported an average DQI-P
score of 56 ± 12 points27. Our study found an average DQI-P score of 54 ± 8.9 points, which did not change 
significantly in either group throughout gestation. It is interesting that the DQI-P score in our study is comparable to 
that of previously reported studies because the PIN study recruited high-risk participants of low socioeconomic 
status and low education levels (49% of participants had less than a high school education). Therefore, while DQI-P
may be a useful tool for determining diet quality patterns in a high-risk population, it does not take into account 
important variables in weight management such as added sugar and refined grain intake, and therefore, DQI-P may 
not be as useful for predicting excessive gestational weight gain. 
5.2. Strengths
Use of an automated diet recall tool, calculation of multiple diet quality indices, and robust analysis of 
gestational weight gain were major strengths of the current study. To our knowledge, ours is the first study to 
analyze the relationship between HEI-2010 or PQI-P scores and gestational weight gain. 
This study used the ASA24-2011, an innovative means of collecting dietary intake information. While 
participant feedback about the usability of the tool was mixed, the ASA24-2011 collected a 24-hour recall from all 
participants at three time points during pregnancy while many other studies use only one dietary recall. 
Further, this study comprehensively analyzed gestational weight gain. Maternal weight gain was indexed to 
week of gestation at delivery to effectively allow inclusion of participants who delivered as early as 32 weeks 
JHVWDWLRQDQGDVODWHDVZHHNVJHVWDWLRQ6LPLODUO\WRFRPSDUHELUWKZHLJKWRILQIDQWVERUQEHIRUHRUDWWHUP
37 weeks gestation) the updated 2013 Fenton growth charts were used31.
5.3. Limitations
Limitations of this study include small sample size, as this study utilized data collected from a feasibility 
study and was not powered to identify statistically significant differences between women who were within/below
or who exceeded the gestational weight gain recommendations. With a small sample size (n=28), outliers have a 
large effect on group means and the statistical power of the analysis reduces the ability to observe a true effect. Also, 
the sample in this study was comprised mainly of employed, white women of higher socioeconomic status and 
educational levels, who were over the age of 30, limiting the generalizability of the findings. 
Another limitation was the use of self-reported prepregnancy weight in all participants and the use of self-
reported latest weight before delivery for three participants. Since many women do not visit their primary provider 
immediately prior to conception, prepregnancy body weight is generally not consistently measured and recorded in 
medical records. Furthermore, it is not practical to recruit women who are expecting to become pregnant to obtain a 
prepregnancy weight. For these reasons, self-reported prepregnancy weight is commonly used in research to 
determine prepregnancy BMI and to calculate gestational weight gain recommendations. Further, a recent study 
demonstrated that prepregnancy BMI weight status from self-reported prepregnancy height and weight is
significantly correlated with measured data33.
Additional limitations were that only one 24-hour dietary recall was collected each trimester and that some 
participants reported difficultly using the ASA24-2011. The challenges associated with navigating this tool may 
have led to misreporting of dietary intake and concern by some participants that usual intake was not captured.
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While requesting multiple 24-hour recalls each trimester may improve data quality, this request would increase 
participant burden and potentially reduce participant response rate. Finally, we did not incorporate dietary 
supplement intake into dietary analyses although all women reported consuming a standard over-the-counter 
prenatal multivitamin and mineral supplement. 
6. Conclusion
The majority of study participants exceeded IOM weight gain recommendations, indicating significant 
room for improvement among healthy women in this study. In addition, participants’ diet quality in both weight gain
groups was moderate. This study demonstrates that the ASA24-2011 is a useful tool for collecting multiple 24-hour 
dietary recalls in a population of pregnant women.  Further, dietary recall data collected using ASA24-2011 can be 
used to calculate summary diet quality scores such as HEI-2010 and DQI-P, which provide useful information about 
overall dietary quality and patterns. Future directions in this area of research with a larger, more diverse participant 
group should administer dietary interventions early, during the 1st trimester and should promote appropriate weight 
gain throughout pregnancy. Furthermore, it would be beneficial to continue the use of diet quality scoring in the 
pregnant population and develop a scoring system that controls for energy intake while accounting for current, 
pregnancy-specific nutrient recommendations. Although the aims of this feasibility study were met, the results are 
by no means conclusive; these novel questions merit further study.
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